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This present research program, ･･Development of Shotless Peenlng System
and Manufacturing Considering Preservation of Environment" was supported by
Grant･in･Aidfor Scientific Research (B) (2) 13555022, Japan Society for the
promotion of Science. The research has been performed by thefollowing group:
Head Investigator･･　Hitoshi Soyama, Tohoku University
Investigator:　　　Yutaka Watanabe , TohoknUniversity
Masashi Yamanaka, Tbhoku University
Yuji Kobayashi, Sintokogi0, Ltd･
The main results obtained are as follows:
(1) An erosion test of aluminum specimen was carried by using cavitation
shotless peenlng System, Which produce a cavitating jet in air injecting a
high-speed water jet into a low-speed water jet･ Obtained erosion pattern was
similar to that of cavitating jet in water丘lled chamber. This means that the
cavitating jet inair was successfully realized without a water･filled chamber･ In
order to investigate the jet ability, the mass loss of erosion test which
corresponded a kind of impact energy'was camied out･ The results showthat the
cavitating jet in air was most powe血I compared with a cavitating jet in water
and a normal water jet in air. The special sensor tO measure the highimpact
cavitation intensity was developed, since the cavitation intensity of cavitating jet
in air was very strong.
(2) The erosion test usingaluminun specimen and measurement of
cavitation intensity were carried out at various conditions changlng Withinjection
pressure and nozzle diameter of high･speed water jet, injection pressure and
nozzle diameter of low-speed water jet, and standoff distancethat is the distance
fromthe nozzle to the specimen, to measurethe ability of cavitating jet in air･
The existence of optimum standoffdistance and optimum injection pressure of
low･speed water jet were shown. The jet ability of the cavitating jet in air was
drasticauy changed withthe injection pressure of low･speed water jet･When the
nozzle size of low･speed water jet was large, the ability of the jet was also large･
However, there was optimum nozzle size, considering the power for the injecting
jet. The testliquidfor the cavitating jet andthe low･speed water jet was
investigateいhen the optimum shotless condition was obtained considering the
pHforthe improvement of the corrosion resistance･
(3) Several steel such as tool alloy steel (SKD61) were peened by the
-(12)-
cavitating jet in air, the residual Stress Was measured by an X･ray difbaction
method. The introduction of compressive residual stress was demonstrated･ It
shows the possibility of the surface modification by using the cavitating jet in air･
(4) The optimum peening time or speed was obtainedfromthe relation of
the peening time or speed and the rpsidualstress･ Atthe measurement of
residual stress, the residual stress inside materials was also measured by the
x-ray diffraction method removlng the surface by electro polishing･ The fatigue
test at constant load was also investigated changlng With the peening time or time,
then the number of cycles to failure as a function of peening time or speed also
revealedthe optimum peening time or speed･ The effect of peening time on the
suぬce roughness was also investigated･ The estimation method of the
saturation of residual stress changlng With the peening time was proposed from
the result of numerical simulation of random impacts, which simulated the
cavitation imp acts.
(5) In order to compare tile proposed shotless peening considering the
prevention of environment and the conventional shot peening, a rotating bending
fatigue test was carried out using specimens made of duralumin and stainless
steel, and it was shown that the shotless peening can improve the fatigue strength･
The residual stress and surface roughness and fatigue strength were investigated･
obtained results shows that the surface peened by the shotless peenlng had less
roughness compared with that of shot peened specimen･ The improvement of
fatigue strength by shotless peening was betterthanthat of shot peening･
Namely,the shotless peening was suitable for the surface enhancement technique･
It was also shown thatthe conventional evaluation way such as arc height of
Alnen strip andthe value of the compressive residual stress can not evaluate
quantitatively the peenlng intensity for completely different technique such as
shotless peenlng.
(6) In order to establish non･destructive testing method to evaluate the
su血ce modi丘cation layer peened by the shotless peenlng, the residual stress and
austemitic ratio were measured by using an X･ray difh･action method changing
withthe peenlng time･Whenthe residual stress of stainless steel･ chromium
molybdenumsteeland toolalloy steel were measured bythe X-ray di飴action method, it was
revealedthat the half width of X-ray diffraction was decreased by the shotless
peenlng instead of increaslng Of the half width･
(7) Bearing of practical application of shotless peening in mind, the
introduction of compressive residual stress was investigated to demonstrate the
peening effect on mechanical parts such as gears･ The improvement of fatigue
strengthof gear was also demonstrated by a bending fatigue test of gear tooth
-(13)-
comparing the result of shot peening･ The peen forming, which is normally
applied to make main wlng Of airplane, by uslng the shotless peenlng Was also
demonstrated.
(8) In order to applythe shotless peening to various materials, the relation
between the cavitation intensity and the materials properties was investigated
and the fundamentalthreshold level of materials forthe cavitation impact was
revealed by the erosion test･ The method to obtain the threshold level was also
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